The nucleotide sequences, genetic organization, and distribution of plasmids pEU30 (30,314 bp) and pEL60 (60,145 bp) from the plant pathogen Erwinia amylovora are described. The newly characterized pEU30 and pEL60 plasmids inhabited strains isolated in the western United States and Lebanon, respectively. The gene content of pEU30 resembled plasmids found in plant-associated bacteria, while that of pEL60 was most similar to IncL/M plasmids inhabiting enteric bacteria.
The nucleotide sequences, genetic organization, and distribution of plasmids pEU30 (30,314 bp) and pEL60 (60,145 bp) from the plant pathogen Erwinia amylovora are described. The newly characterized pEU30 and pEL60 plasmids inhabited strains isolated in the western United States and Lebanon, respectively. The gene content of pEU30 resembled plasmids found in plant-associated bacteria, while that of pEL60 was most similar to IncL/M plasmids inhabiting enteric bacteria.
Erwinia amylovora is the causal agent of fire blight, a serious disease of apple and pear that occurs in many locations throughout the world. The virulence plasmid pEA29 is conserved among all natural strains of E. amylovora, and several PCR assays for the identification of E. amylovora were developed on the basis of sequences within a 0.9-to 1.1-kb PstI fragment of this plasmid (2, 12) . Knowledge of other less widely occurring plasmids in E. amylovora is quite limited. pCPP60, a 56-kb plasmid from E. amylovora Ea322 and Ea273, was characterized by restriction enzyme analysis and detected in 10 of 40 strains collected from different hosts and geographic regions (18) , and recently, small plasmids of 1.8 and 2.8 kb from E. amylovora IH3-1 and IL-5, respectively, were characterized by sequence analysis (10) . Some strains of E. amylovora with resistance to streptomycin harbor plasmid pEa34 or pEa8.7, each carrying the functional strA-strB gene pair (4, 13) . Considering the limited number of plasmids found in E. amylovora, we were intrigued about the possible role of other plasmids inhabiting strains of this plant pathogen. Here, we report the occurrence of two previously unknown plasmids in E. amylovora, a 30-kb plasmid pEU30 from strain UTRJ2 and a 60-kb plasmid pEL60 from strain LebB66. We sequenced these plasmids, determined their genetic organization, and predicted their possible role in E. amylovora. We also examined the frequency and geographic distribution of pEU30 and pEL60 in a geographically diverse collection of E. amylovora strains.
Bacterial strains and plasmid selection. We selected 54 strains for plasmid analysis (Table 1 ) from a collection of 167 E. amylovora strains from the United States and Canada (8, 11) , and Lebanon (17) that were previously uncharacterized for plasmid content. Plasmid isolations were done using the method of Kado and Liu (6) as modified by Sundin et al. (19) . All 54 strains examined contained the ubiquitous plasmid pEA29; however, analyses of intact plasmids and plasmids digested with KpnI or PstI revealed additional plasmids or restriction fragments in some strains (data not shown). The plasmid profiles of selected new strains were compared with profiles of E. amylovora strains Ea322, CA11, and Ea88 that contain the other characterized plasmids from this species (Fig. 1) . Each wild-type strain contains pEA29, and pCPP60 is present in Ea322 (18) , pEa34 is present in CA11 (4), and plasmids of approximately 30 and 60 kb are present in strains UTRJ2 and LebB66, respectively (Fig. 1) . The 30-kb plasmid in strain UTRJ2 appears to comigrate with pEA29 and is better visualized in the pEA29-cured strain UTRJ2 Ϫ (Fig. 1,  lane 6 ). The 60-kb plasmid in strain LebB66 clearly differed in size from pCPP60 ( Fig. 1) , and primers designed to detect pEL60 (see below) did not amplify DNA from pCPP60 (data not shown). As a result of this work, strains UTRJ2 and LebB66 were identified as containing novel plasmids for genetic analysis.
Plasmid sequencing and gene annotation. We cured plasmid pEA29 from strains UTRJ2 and LebB66 via a previously described incompatibility eviction assay by use of pC9, a construct that contains the pEA29 ori region (9). pEA29-cured strains, from which pC9 was also eliminated, were designated UTRJ2 Ϫ and LebB66
Ϫ . Plasmids pEU30 and pEL60 were isolated from E. amylovora strains UTRJ2
Ϫ and LebB66 Ϫ , respectively, by use of NucleoBond Plasmid Maxi kits (Clontech Laboratories, Palo Alto, Calif.), following the manufacturer's instructions for low-copy plasmids. Each purified plasmid was partially digested with Sau3AI, yielding ca. 1-to 2.5-kb fragments that were excised and purified using a Nucleotrap gel extraction kit (Clontech Laboratories) according to the manufacturer's instructions except that the DNA was eluted with water at 80°C. Fragment ligations into pGem7zf-(Promega, Madison, Wis.) and subsequent preparative steps for high-throughput sequencing were performed as previously described (8) . All sequencing reactions were run at the Michigan State University Genomics Technology Support Facility. Sequence fragments were analyzed and assembled using Lasergene software of DNASTAR Inc. (Madison, Wis.). Gaps in the sequence were closed by primer walking from existing sequences by use of purified plasmids as templates. This procedure resulted in the complete sequence of pEU30 (3.1ϫ coverage per consensus base) and pEL60 (3.8ϫ coverage) on both strands. Potential open reading frames (ORFs) more than 300 bp in size were identified using the online program Orfinder (http://www .ncbi.nlm.nih.gov/gorf/gorf.html) and the program GeneJockey (Biosoft; Cambridge, United Kingdom). To assign possible functions to ORFs, searches of the nonredundant GenBank database were done using the suite of BLAST programs (1) . BLASTx searches of the entire sequence were also done to identify potential ORFs smaller than 300 bp.
Sequence and analysis of pEU30. Plasmid pEU30 contained 30,314 bp with a GϩC content of 48.2% (Fig. 2A) ; annotation of this sequence revealed 25 putative ORFs. Analyses using BLASTn and BLASTx searches of the GenBank nonredundant databases revealed that 23 of 25 (92.0%) ORFs had homology with existing gene sequences; further analyses with BLASTp enabled the assignment of putative gene functions to these ORFs ( Table 2 ). The majority of pEU30 ORFs encoded genes involved in replication, maintenance, or conjugative transfer ( Fig. 2A and Table 2 ). Five clustered ORFs, including three transcriptional regulators (orf5, orf7, and orf9), a cytosine permease (orf6), and an acetyltransferase (orf8) which shared homology with a gene that flanks the hrp type III secretion system genes of E. amylovora Ea321, encoded other functions ( Table 2 ). The conjugative transfer system of pEU30 was a VirB-like system that was most similar to that of pPSR1, a plasmid from another plant pathogen, Pseudomonas syringae (20) .
Sequence and analysis of pEL60. Plasmid pEL60 contained 60,145 bp with a GϩC content of 51.5%. Annotation of this sequence revealed 68 ORFs (Fig. 2B) ; however, putative functions could only be assigned to 46 (68.7%) of the ORFs. As with pEU30, the genes on pEL60 with known homologs were most closely related to genes from other ␥-proteobacteria. pEL60 was remarkably similar to plasmid pCTX-M3 from Citrobacter freundii (unpublished data; GenBank accession number NC 004464), sharing 66 of 68 ORFs (Table 3) . pCTX-M3 is approximately 29 kb larger than pEL60 due to the presence of two insertions that encode various antibiotic-resistance genes, an integron, and other putative mobile elements (Fig. 2B ). Characteristics of pEL60 include an IncL/M replication region and tra-like conjugative transfer genes that are similar to genes found on the IncL/M plasmid pACM1 from Klebsiella oxytoca (15) and also to tra genes from plasmids isolated from other enteric bacteria and from the plant pathogen P. syringae pv. tomato DC3000 (Table 2 ). pEL60 was not related to the 56-kb plasmid (18) found in some E. amylovora strains, as a labeled pEL60 probe did not hybridize to EcoRIdigested total plasmid DNA from E. amylovora Ea273 (data not shown). pEL60 also encodes a mucAB-like mutagenic DNA repair system ( Table 3) that is related to rulAB, a similar repair system encoding tolerance to UV radiation in P. syringae (21) . The organization and linkage of pemIK and mucAB on pEL60 are identical to those of the IncL/M plasmid R446b from Morganella morganii (7) . mucAB may be of environmental significance to E. amylovora, because mutagenic DNA repair determinants such as P. syringae rulAB confer UV radiation tolerance that may enhance ecological fitness on plant surfaces (21) .
Plasmid stability and distribution of pEU30 and pEL60 within an E. amylovora strain collection. We assessed the stability of pEU30 and pEL60 in their native host strains in a 100-generation (10 generations/day) serial transfer experiment in a minimal broth medium (5) . A total of 25 colonies were examined after 100 generations, and plasmid maintenance was 96 and 100% for pEU30 and pEL60, respectively. Plasmid maintenance of pEU30 was 100% after 80 and 90 generations. These experiments indicated that both plasmids are highly stable in their native E. amylovora host strains.
We used colony PCR assays to detect the presence of pEU30 and pEL60 within a collection of 167 E. amylovora strains from various hosts and regions of the world. PCR assays were performed as previously described (10), and PCR products were analyzed by electrophoresis using 1% agarose gels. We used the primer set AJ889 (5Ј-GCCGGGGCGTGGAAC AGAAG-3Ј) and AJ890 (5Ј-TCATGCCGGAAGAGTCAAA , and primer specificity was checked by confirming that the primers did not amplify DNA from other known E. amylovora plasmids (data not shown). To check primer fidelity, we sequenced PCR fragments from five and three strains containing pEU30 and pEL60, respectively, and the correct DNA fragment was amplified in each case (data not shown). pEU30 was detected in a total of 16 (9.6%) strains from this collection and was only detected in E. amylovora strains isolated from apple or pear in the western United States; the plasmid was present in 41.0% of the strains from that region (Table 1) . pEL60 was detected in a total of 23 strains (13.8%) from the collection and only in E. amylovora strains from Lebanon (Table 1) . pEL60 was present in 46.9% of the strains from Lebanon which were isolated from three plant hosts (Table 1) . Significance of pEU30 and pEL60 in E. amylovora. pEL30 was comprised mostly of genes encoding plasmid-specific functions but also encoded several putative transcriptional regulatory proteins and ORF8, which has similarity to ORF12, a GNAT family acetyltransferase encoded by a chromosomal gene located immediately adjacent to genes encoding the type III secretion system of E. amylovora Ea321 (3). The conjugal transfer genes of pEU30 were most similar to the virB system of P. syringae plasmid pPSR1 (20) , which is interesting because both of these transfer systems are located on plasmids from plant pathogens. From these results, it appears that the genetic content of pEU30 is similar to that of other plasmids inhabiting plant pathogenic bacteria.
pEL60, which was present in 47% of the E. amylovora strains from Lebanon, encodes a variety of genes thought to be involved in maintenance and conjugation functions. The most notable aspects of pEL60 are its relationship with other enterobacterial IncL/M plasmids and its high similarity to the C. freundii plasmid pCTX-M3. This observation suggests that the environmental enteric plant pathogen E. amylovora can access the horizontal gene pool shared among other clinical enteric bacteria. An alternative possibility is that C. freundii obtained a pEL60-like plasmid from E. amylovora prior to the evolution of pCTX-M3. IncL/M plasmids are widespread among enteric pathogens, typically encode resistance to multiple antibiotics, and harbor mobile elements including integrons and IS elements associated with antibiotic-resistance (Ab r ) genes (14, 16, 22) . For example, pCTX-M3 contains insertions of 27 and 2.6 kb downstream of repA and pemK, respectively. These sequence insertions include an integron, two copies of IS26, and several antibiotic resistance genes, including bla TEM1 , bla CTX-M3 , aac3, dhfr, sul1, and three putative macrolide-resistance genes (GenBank Accession NC_0044644). Unfortunately, most IncL/M plasmids are not well characterized beyond the replication regions and Ab r regions; thus, the genetic relationships of these plasmids to pEL60 are unknown. However, the close relationship of pCTX-M3 and pEL60, aside from the differences in Ab r gene content, could be indicative of additional similarities between pEL60 and other IncL/M resistance plasmids. pEL60, at 60.1 kb, could represent an IncL/M backbone plasmid that has acquired Ab r genes, integrons, and IS elements during its spread among other enteric pathogens. For example, the sizes of other multiple-Ab r IncL/M plasmids include 80 kb for pIBK1 and 85 kb for pCFF04 from Klebsiella Unlike pEA29, the conserved plasmid that plays an important role in E. amylovora virulence (9), pEU30 and pEL60 do not appear to encode many genes that are likely to influence the fire blight disease. Instead, these plasmids may represent molecules that can spread efficiently, with limited effects on the reproductive fitness of their bacterial host. Coexistence of pEU30 or pEL60 with their E. amylovora hosts may be a first step in the future acquisition of novel genetic determinants by these plasmids that affect ecological fitness. Regardless of possible function, we conclude that some populations of E. amylovora are plasmid diverse and that this characteristic may be helpful in understanding strain biogeography.
Nucleotide sequence accession numbers. The GenBank accession numbers for the pEU30 and pEL60 sequences are NC_005247 and NC_005246, respectively.
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